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INTRODUCTION
The use of extrinsic, or impurity doped silicon MOSFET's, has been recently proposed for the fabrication of infrared imaging and target tracking arrays. (1, 2) This report describes the initial work which has been done to verify operation of this new type of device and demonstrate the design characteristics and equations by using the specific example of a gold-doped device.
Gold-doped devices were chosen for this demonstration not only because they might be useful in the near infrared region but also because considerable information is available on the charactt... sties of gold in silicon and these devices would thus be the easiest to fabricate and characterize.
During initial phases of the work some time was reqi'ired not only to set-up the fabrication and measurement equipment but also to establish the gold diffusion process for doping the devices. In this latter respect, it was decided to employ gold-doped MOS capacitors to determine the gold concentration in the diffused wafers and to determine the thermal and optical characteristics of the gold impurity center in surface space charge or depletion regions. Once the MOS capacitors were characterized then it was a relatively easy step to fabricate and characterize the MOS transistor or MOSFET. Although the contract only called explicity for a characterization of the response employing'the gold donor level , results have been also obtained for LK; gold acceptor level in order to cover the more general case and the entire near infrared range.
EXPERIMENTAL RESULTS -MOS CAPACITOR
Gold-loped MOS capacitors, as shown in Fig. 1 , were fabricated and a gated metal guard ring employed to avoid any possible problem with .surface inversion and leakage. These devices were fabricated using standard silicon MOS techniques, and the surface under the guard ring accumulated by applying a negative gate potential. The characteristics of the center MOS capacitor were measured by mounting the device in a temperature controlled ^mple chamber and determining the CapacitanceVoltage (C-V) or time dependence of the pulsed bias capacitance (C-t) transients.
Gold is a double-level impurity in silicon, as shown in concentration.
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The time dependence of the gold charge state is determined by the capture and emission rates in the S. R. H. model and is given by: (3, 4) dP T =-C n n P T + C p N T + e n N T -e p P T (6) dt in a depletion region, n=p= 0, and for the gold donor level e D >> e since the level is closer to the valence band edge. Then, for the gold donor level,
The initial condition is determined by accumulating the surface at time t=0
and insuring all the gold starts in the positive charge state. The solution is 
GOLD DONOR IMPURITY ENERGY Et
AV T is the total change in threshold voltage between the cases where the gold charge state is positive and neutral.
The method of operation of the IRFET is to first accumulate the surface and fill the gold centers with holes. The normal inverting or more positive gate
voltage is then applied which will result in conduction between the source and drain. The gold centers in the surface depletion or space charge region can then either thermally or optically emit a hole to the valence band.
The cn Q nge in threshold voltage AV T will result in a < hange in conductance which can be described by the simple equations describing the drain current I (10). 
Figures 8 and 9 show that the observed characteristics closely follow these functional forms, except near threshold which is expected and deviate only slightly at high gate voltage due to the field dependent surface mobility.
Equations (11) and (16) 
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The threshold voltage in Figure 10 has been obtained by exptrapolating the linear region characteristics back to I = 0.
In calculating the substrate doping and gold doping an oxide thickness of 3750 A has been employed which corresponds to the gate oxidation process and color which give a thickness of less the.n the order 4000 A . Th^ particular device shown in Figure 7 has a W/L ratio of 8 and a channel length L of 7.0 mils.
The equations for the static or ü. C. current, given in Figure 6 , in the saturation region and linear region can be used to calculate the effective surface mobility, \i, at the temperature of operation, 100 K. These yield Gold doping has been found to reduce the effective surface mobility in surface channel devices presumably due to excess scattering due to interface or oxide charge introduced by the gold.
The characteristics for the change in drain to source current, AI , as described by equations (17) and (18) can be compared to the equations in Figure 6 for the total drain to source current, 1^, to yield; and in the saturation region by
These transients can be conveniently observed by mounting the sample in a temperature controlled sample chamber which has provision for illumination of the sample and which hcs been illustrated in Figure 11 . The time constant of the thermal decay determined as the temperature is varied can be employed to determine the thermal emission rate. Figure 12 shows the time dependence of the thermal decay as a function of temperature. It is seen that the results correspond very closely to those obtained previously for the gold donor level using the MOS capacitor and p-n junction techniques. There can be little doubt that this response is due to the gold donor level and on the Lr'sis of Figi -es 7,8,9, and 10 that the characteristics of the device can be described on the basis of a modulation-of space charge in the surface depletion'region.
When operating the device as an infrared detector,the idea would of course be to use a low enough temperature so that thermal emission is negligible. In the case of the donor level then the emission can only be due to optical emission and e , = e c ., . 
The only unusual feature noticed is that excess gold doping may in fact produce buried channel devices and/or abnormally large negative threshold voltages.
The buried channel effect being noticed previously by a very high channel mobility, essentially the bulk mobility rather than the surface mobility. The exact reason for this buried channel effect with excess gold doping is not known.
Work is continuing on the gold doping process in conjunction with work aimed at checking on device uniformity and the fabrication of larger arrays of smaller devicet. Part of this work will include the use of doped oxide sources to achieve gold doping, rather than the vacuum evaporation technique.
Obviously, in the case of slow diffusing impurities like indium and gallium it would be desireable to have these impurities introduced during crystal growth, it is in fact possible to have such work done on a special order basis from commercial firms.
IRFET RESP0NS1VITY ANF APPLICATIONS
The IRFET can either be operated in the linear or saturation region, however, for high responsivity and in order to make the characteristics independent of drain voltages, V , it would seem most appropriate to operate it in the saturation region.
In the saturation region, we have from equation (21),
If the time period^ t, is much less than T the time constant then, period, t, there will be a change in drain to source current by -Al (t) and ar output signal power of AI (t) ■ V . This output change is permanent until rtset, and can be read for an indefinitely long period.
This has lead us to a definition of responsivity as
and an example is shown in Figure 15 , where a responsivity of 10 milliwatts/ microjoule is easily achievf:d using the donor level response.
Strangely enough the signal output power depends only on the W/L ratio )f the device and not at all upon the device area, while, the signal input energy decreases directly with the area. Obviously even much higher responsivities might be achieved for small devicrs with the same W/L ratio, and in fact are limited only by the as yet undetermined noise limit. 
